Human monocyte/macrophage serine esterase (HMSE), commonly known as acid esterase or anaphthylacetate esterase, comprises a group of five enzyme variants that can be distinguished by their isoelectric points from esterase variants of the other normal human blood cell populations. A cDNA for one of the monocytic enzyme variants (HMSE1) was cloned from a U-937 A g t l l cDNA library by screening with an oligonucleotide mixture designed according to amino acid sequence data of the purified enzyme. The cDNA contains 1,727 bp with an open reading frame of 1,512 bp coding for a protein of 503 amino acid residues. HMSEl cDNA ERINE HYDROLASES are defined as a functional S related class of hydrolytic enzymes containing a serine residue in their active site. This enzyme class comprises the serine protease multigene family as well as various carboxyl-, cholin-, and aliesterases. Monocytes and their macrophage derivatives contain an esterase with high sensitivity to organophosphorus inhibitors, showing that monocyte/ macrophage esterase belongs to the heterogeneous group of cellular carboxylesterases that use a hydrophilic serine residue at the active site for hydrolysis. The monocyte/ macrophage serine esterase as detected cytochemically with a-naphthyl esters and diazotized couplers has been widely used as a marker for monocyte/macrophage differentiation and for the classification of acute myeloid leukemias.',' Furthermore, monocytic serine esterase has been separated into five predominant enzyme variants with slightly acidic isoelectric points clearly differing from the isoelectric focusing pattern of esterases detectable in the other normal human blood cell population^?^ Several studies have been performed with respect to purification' and biochemical properties of monocyte/ macrophage serine without, however, evaluating the relation to known serine esterases and the function of the enzyme. As an attempt to get insight into the function of monocyte/macrophage serine esterase during the various reactions of the monocyte/macrophage system and to study its relation to known serine esterases we have cloned the cDNA of one of the human monocyte/macrophage serine esterase variants designated HMSE1. The amino acid sequence deduced from HMSEl cDNA was identically matched to the sequences of eight peptide fragments with a length of 7 to 18 amino acid residues obtained by chemical cleavage of the purified HMSEl protein.
monly known as acid esterase or anaphthylacetate esterase, comprises a group of five enzyme variants that can be distinguished by their isoelectric points from esterase variants of the other normal human blood cell populations. A cDNA for one of the monocytic enzyme variants (HMSE1) was cloned from a U-937 A g t l l cDNA library by screening with an oligonucleotide mixture designed according to amino acid sequence data of the purified enzyme. The cDNA contains 1,727 bp with an open reading frame of 1,512 bp coding for a protein of 503 amino acid residues. HMSEl cDNA ERINE HYDROLASES are defined as a functional S related class of hydrolytic enzymes containing a serine residue in their active site. This enzyme class comprises the serine protease multigene family as well as various carboxyl-, cholin-, and aliesterases. Monocytes and their macrophage derivatives contain an esterase with high sensitivity to organophosphorus inhibitors, showing that monocyte/ macrophage esterase belongs to the heterogeneous group of cellular carboxylesterases that use a hydrophilic serine residue at the active site for hydrolysis. The monocyte/ macrophage serine esterase as detected cytochemically with a-naphthyl esters and diazotized couplers has been widely used as a marker for monocyte/macrophage differentiation and for the classification of acute myeloid leukemias.',' Furthermore, monocytic serine esterase has been separated into five predominant enzyme variants with slightly acidic isoelectric points clearly differing from the isoelectric focusing pattern of esterases detectable in the other normal human blood cell population^?^ Several studies have been performed with respect to purification' and biochemical properties of monocyte/ macrophage serine without, however, evaluating the relation to known serine esterases and the function of the enzyme. As an attempt to get insight into the function of monocyte/macrophage serine esterase during the various reactions of the monocyte/macrophage system and to study its relation to known serine esterases we have cloned the cDNA of one of the human monocyte/macrophage serine esterase variants designated HMSE1. The amino acid sequence deduced from HMSEl cDNA was identically matched to the sequences of eight peptide fragments with a length of 7 to 18 amino acid residues obtained by chemical cleavage of the purified HMSEl protein.
MATERIALS AND METHODS
Enzyme punfication and peptide-sequencing. Monocyte/macrophage serine esterase was purified from crude extracts of the human monocyteimacrophage-related cell line U-937.' This cell line has been shown to contain the same serine esterase variants as observed in normal human blood monocytes. 8 The predominant enzyme variant localized at pH 5.90 to 5.70 (designated HMSE1) was purified by anionic and cationic exchange-high performance liquid chromatography (HPLC). Purity of monocyte serine esterase during separation procedures was controlled by sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis. After splicing with trypsin or bromcyan peptide fragments were separated by reversed-phase HPLC and sequenced by the Edman method (Salmassi et al, in preparation). Oligonucleotides were synthesized using an Applied Biosystems solid phase synthesizer (Applied Biosystems, San Jose, CA).
Messenger RNA of U-937 cell line was purified on oligodeoxythymidine cellulose and used to establish a cDNA library in the expression vector Agtll.' Synthesis of double-stranded cDNA was performed as described elsewhere." EcoRI linkers were ligated to the ends of cDNA. After cleavage with EcoRI and purification on a Sepharose CL 2B column (Pharmacia, Uppsala, Sweden) the cDNA was ligated in the EcoRI site of Agtll. The recombinant DNA was packaged resulting in about 5 x lo6 phage clones that were amplified before screening.
Phage clones of the library were seeded (8 x lo-' per plate) and liberated DNA was bound to nitrocellulose filter duplicates. Eighty-three picomoles of the oligonucleotide mixture was labeled with 250 $3 (83 pmol) y-'*P-ATP (3,000 Ci/mmol; Amersham, Braunschweig, Germany) and 30 U T4 polinucleotide kinase. Prehybridization was performed in 6X SSCilOX Denhardt's solution containing 50 pg denaturated salmon sperm DNA per milliliter at 65°C for 2 to 4 hours. Each of 12 filters were hybridized to 83 pmol labeled oligonucleotide mixture in 150 mL of prehybridization buffer at 41°C for 24 hours. Washing of the filters was performed in 6X SSC/O.l% SDS three times at room temperature and 38°C. cDNA clones rendering radioactive signals on both filters as shown by autoradiography were picked, replated at low density, and rehybridized to the oligonucleotide mixture to ensure reproducible hybridization.
Sequencing was performed on fragments of cloned cDNA with a length of up to 360 bp. These fragments were derived by using restriction sites rendering overlapping sequences. cDNA inserts were subcloned in pUC19 and sequenced using the dideoxy method" and T7 DNA polimerase after annealing of M13/pUC sequencing primer or M13lpUC reverse sequencing cDNA librav construction.
Library screening.
DNA sequencing. primer. The management of sequence data was supported by the PC-GENE Software (Genofit, Heidelberg, Germany). Sequencing was performed two times on both strands of cDNA to ensure correct data. Northem blot analysis of RNA from normal blood cells and hematopoietic cell lines. Normal blood leucocytes were obtained by density gradient centrifugation (d = 1.077 g/mL) after sedimentation of the erythrocytes." Granulocytes were collected from the bottom fraction and monocytes were separated from lymphocytes of the interphase by glass adheren~e.'~ Alveolar macrophages were obtained during diagnostic bronchoscopy by alveolar lavage as described e1se~here.I~ In addition, the promyelocytic cell line HL-60,l5 K-562 cells,'6 the monocyte/macrophage-related cell line THP-1," and the T-lymphocyte cell line HUT-78I8 were used for RNA analysis after growing in common culture media. RNA of the cells was purified as described el~ewhere,'~ separated on 1.2% agarose gels containing denaturating formaldehyde, and blotted to nylon membranes for hybridization. The integrity and amount of RNA was checked by hybridization with actin cDNA. Screening of about 1 x lo5 phage clones with the synthetic oligonucleotide mixture showed two clones (T431 and T433) showing reproducible hybridization. The insert fragments of both clones showed a length of 1,727 bp and were subcloned into pUC19. The analysis for restriction enzyme cleavage sites showed an identical pattern (Fig l) , verifying identical sequences. The identity of the sequences was also established by hybridization.
RESULTS

Amino
All further characterization was performed on T433. The existence of a sequence in T433 complementary to the oligonucleotide mixture used for screening was proved by the capacity of the oligonucleotide mixture to function as an internal sequencing primer for T7 DNA polimerase resulting in a clearly readable sequence. Sequencing showed a complete 3'-end by a polyadenine tail at position 1708-1727 and a polyadenylation signal (AATAAA) located upstream at position 1686-1691. The sequence starts and ends with the EcoRI linker (GAATTCGGG corresponding to -10 to -2 and CCCGAATTC corresponding to 1728 to 1736). The C residue at position -1 represents the last base of a triplet (Fig 2) . The cDNA sequence contains an open reading frame ranging from position 1 to 1512 with a stop codon (TGA) at position 1510-1512, thereby coding for a protein of 503 amino acid residues. The sequence does not contain a start (ATG) codon.
Computer calculation of the predicted amino acid sequence (Fig 2) resulted in a protein with a molecular weight of 55,602 d and an isoelectric point of PI 5.59. All sequences derived from the purified HMSEl peptides were found to be part of the deduced amino acid sequence. Deviations only occurred at positions where peptide sequencing resulted in ambiguous amino acids ( Table 1) .
The protein is predicted to be an integral membrane protein based on hydropathy calculation according to the method of Klein et aIz0 using the PC-GENE program. The predicted membrane spanning segment comprises the amino acid residues from position 352 to 367. A computer comparison of the nucleotide sequence with the European Molecular Biology Laboratory (Heidelberg, Germany) nucleotide sequence database showed homology of HMSEl cDNA to several known cDNA sequences ( Table 2 ). All of the sequences with more than 50% homology were identified as esterases containing the active site characteristic for serine esterases (see below). A strong relation showing 77% and 68% homology was detected by alignment of the deduced amino acid sequence of HMSEl to the amino acid sequence of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD)-induced rabbit liver microsomal esterase (Fig 3) and of rat liver carboxylesterase, respectively (Fig 4) .
The putative active site of HMSEl was detected by alignment of the amino acid sequence to active sites of other known serine esterases ( Table 3) . The region at position 466-489 according to amino acid residues 156-163 encodes the center of the consensus sequence found in active sites of serine esterases with the hydrophilic serine used for hydrolysis at position 158.
cDNA and predicted amino acid sequences. in the monocyte/macrophage-related cell line THP-1 (data not shown).
The length of the transcript was estimated to amount up to 2,000 bases by comparison with the positions of 18s and 28s ribosomal RNA and of the actin transcript.
DISCUSSION
A cDNA for HMSEl was isolated from a U-937 cDNA library by screening with an oligonucleotide mixture that was designed according to the amino acid sequence data ( from the monocyte/macrophage cell line U-937. The cDNA contains 1,727 bp of the estimated 2,000 bases of the corresponding mRNA of a serine esterase that is expressed in monocytes, alveolar macrophages, and in the monocyte/ macrophage cell lines U-937 and THP-1 (Fig 5) . The cDNA comprises the complete 3'-end and contains an open reading frame of 1,512 bp (Fig 2) with a coding capacity for a protein with a molecular weight of 55,602 d. The difference in length between the mRNA and the cDNA of HMSEl suggests that the cDNA is truncated at the 5'-end. Verification that the cDNA represents a serine esterase that is identical to the enzyme purified from U-937 cell extract was obtained by sequencing. First, the protein sequence as deduced from the nucleotide sequence contains the corresponding regions for all of the eight peptide fragments (Table 1) . Second, a region with strong relationship to the active sites of known eucaryotic serine esterases identifies the active site of HMSEl (Table 3 ). The limited local similarity between the active site of HMSEl and the active site of serine proteases shows that HMSE1, like other serine esterases, is at most distantly related to serine proteases (Table 3 ). In addition, preliminary experiments showed that purified HMSEl does not show protease activity.
The strong relationship of HMSEl to TCDD-induced rabbit liver microsomal esterase (Fig 3) and to rat liver carboxylesterase (Fig 4) with 77% and 68% homology, respectively, is also reflected by common features of these enzymes. Computer alignment shows similar active sites at identical positions. In addition to the conserved diisopropylphosphofluoridate (DIP) binding serine residue of the active site, a histidine DIP binding residue is located at the same position in all three enzymes. While the positions of four cystein residues (residues 24, 53, 211, and 222 in HMSE1) are identical in the three enzymes, a further cystein residue of HMSEl (residue 326) is substituted by an . . at the outer cell membrane of monocytes as shown by ultrastructural analysis6 is supported by the detection of a putative membrane spanning segment based on hydropathy calculation, which is also present in rat liver carboxylesterase. All five cystein residues and the active site of 
Selected serine proteases
No putative active sites are described for rat lysophospholipase and rat carboxylesterase, but it is obvious that a corresponding active site sequence is part of the proteins. While the putative active site of HMSEl shows a strong relation with the active sites of other serine esterases, only limited local similarity is observed with the active sites of serine proteases. Sources of sequence data: rat lysopho~pholipase~~; liver microsomal esterase2'; rat carboxylesterase (EMBL database); esterase D30; human cholinesterase3'; T-lymphocyte serine pr~tease.'~ All other sequence data were taken from Oakeshott et aL3' HMSEl are located between the first amino acid residue and the membrane-spanning segment. The uneven number of cystein residues suggests an involvement of four residues in the formation of domains and of one residue in a possible linkage of HMSEl dimers.
Alignment of HMSEl with TCDD-induced rabbit liver microsomal esterase and with rat liver carboxylesterase (Figs 3 and 4) shows that 45 N-terminal amino acid residues are not represented by the 5'-end truncated version of HMSEl cDNA. Because of the overall similarity of these enzymes, the residues missing in HMSEl will probably have a sequence similar to the corresponding parts in rabbit and rat liver esterases. It is not clear whether the strong homology of the three enzymes reflects similar structures and biologic functions, but an evolutionary link between the three enzymes as members of a new gene family is obvious.
That not all serine esterases have evolved from the same ancestral gene can be deduced from the sequence of human esterase D that shows very limited homology to HMSEl confined to the putative active site only (Tables 2 and 3) .
The amount of HMSEl transcript in monocytes, alveolar macrophages, and related hematopoietic cell lines correlates well with the cytochemical activity of HMSEl in these cells. Furthermore, the specific isoelectric focusing pattern of monocyte serine esterase as compared with other blood cell populations3 is also reflected by the hybridization of HMSEl cDNA with RNA of the monocyte/macrophage lineage (Fig 5) . The missing HMSEl transcript in peripheral blood lymphocytes mostly composed of T lymphocytes and its absence in the T-lymphocyte cell line HUT-78 points to the fact that HMSEl is clearly different from T-lymphocyte serine esterases and serine proteases.2'.26 The slight amount of HMSEl transcript in granulocytes might be caused by their strong cytogenetic relationship to the monocyte/macrophage lineage.
The existence of five HMSE enzyme variants with isoelectric points between pH 5.70 and 6.25 in human blood monocytes is not reflected by the existence of transcripts of different length when Northern blots were hybridized with HMSEl cDNA. Hybridization of digested genomic DNA with HMSEl cDNA showed a pattern of several bands even when a 151-bp 5'-terminal fragment of the cDNA was used for hybridization (data not shown). This finding suggests either the existence of homologous variants and/or the partition of the HMSE gene in several exons. The enzyme variants of HMSE may, therefore, either correspond to different amino acid sequences or may be the result of posttranslational modifications. Posttranslational amidation (Asp/Glu residues) and/or deamidation (Asn/Gln residues) are possible mechanisms that may account for the different isoelectric points of monocyte/macrophage serine esterase variants. Glycosylation does not seem to contribute to the enzyme variability because HMSEl contains only one possible N-glycosylation site.
The availability of HMSEl cDNA has important implications for the functional analysis of this enzyme. First, the question whether HMSEl cDNA codes for a cytotoxic protein is of great importance, because serine esterases of granules of cytotoxic T lymphocytes have been reported to be involved in cell-mediated killing2'.23.25 and monocytes/ macrophages comprise a major part of reactive cells infiltrating human neoplasias. In addition, monocyte esterase deficiency has been recently reported in patients suffering from malignant neoplasias?' Second, the high expression of HMSEl transcript in alveolar macrophages (Fig 5) , as shown by strong hybridization even when the actin transcript was not demonstrable, points to a linkage between the biologic functions of alveolar macrophages and HMSE1. Third, because of its monocyte/macrophage-specific expression, HMSEl cDNA will be useful for the characterization and classification of acute myeloid leukemias escaping diagnostic tools because of the missing expression of lineage-specific properties.
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